Summary: Large enterocutaneous fistulas of the small intestine are rare and difficult to close, particularly if the fistula is associated with massive leakage of digestive juice and the residual intestinal tract is too short for anastomosis. We present a patient who underwent small bowel resection and secondary anastomosis following massive necrosis of the small intestine due to superior mesenteric artery thrombosis. After resection of an enterocutaneous fistula and reanastomosis, the residual small bowel was only 70 cm long with a persistent fistula. We successfully closed the fistula by employing a hinged rectus abdominis musculocutaneous flap. Here, we report our procedure for treating a large enterocutaneous fistula without performing laparotomy and bowel resection.
nterocutaneous fistula (ECF) is a difficult problem for surgeons to manage. 1, 2 Up to 80% of ECFs occur postoperatively after an anastomotic leak or unrecognized bowel injury. An ECF delays wound healing following gastrointestinal surgery and exposes the surrounding skin to digestive juices including bile and pancreatic secretions. Accordingly, it is difficult to achieve closure of the fistula by simple suturing. In addition, painful erosions and ulcers can affect the surrounding skin due to leakage of digestive juice. Other negative consequences include a longer hospital stay and a significant impact on the patient's quality of life. We describe a patient with a large ECF of the small intestine in whom closure was achieved by using a hinged musculocutaneous flap.
CASE REPORT
A 72-year-old man presented with sudden onset of abdominal pain. Emergency open laparotomy revealed small intestinal necrosis due to mesenteric artery thrombosis.
Necrosis extended from 1 m distal to the ligament of Treitz to just proximal to the ileocecal valve, and wide resection of the bowel was performed together with jejunostomy. Two months later, reanastomosis was done to close a postoperative jejunal fistula, but a large ECF persisted and the residual small bowel was only 70 cm long. On referral to our department, the fistula was approximately 4 cm in diameter and occupied almost the entire anterior wall of the small bowel. Due to discharge of a large volume of digestive juice (2000-3000 mL/day), conservative treatment was deemed impossible. However, laparotomy was not indicated because of the strong adhesion of the residual intestinal tract and the patient's poor general condition and nutritional status. In addition, the remaining intestinal tract was too short to allow resection of the fistula and direct reanastomosis, because of the possibility of short bowel syndrome. 3 Therefore, it was decided to perform reconstruction of the anterior wall of intestinal tract with a flap. First, a skin incision was made around the fistula, approximately 1.5 cm from its border. This incision was perpendicular to the subcutaneous fat, and undermining was not done (Fig. 1A) . Next, a rectus abdominis musculocutaneous flap was designed contralateral abdomen to the fistula and raised with the left deep inferior epigastric artery and vein as the vascular pedicle (Fig. 1B) . The skin island was designed to be approximately 20% larger than the diameter of the incision around the fistula and included some muscle perforators. This was confirmed by a doppler ultrasonic flow meter. Before suturing the flap, a balloon urethral catheter was inserted into the intestine proximal to the fistula for drainage of digestive juice. Subsequently, the skin island was sutured to the inner margin of the incision around the fistula. The muscular body of the flap was also sutured to the outer margin of the incision, completely covering the fistula site. A split skin graft was placed over the reversed musculocutaneous flap to finish the procedure (Fig. 1C) site, the anterior layer of rectus sheath was closed so as not to compress the rectus abdominis muscle. The flap showed complete engraftment. Oral intake of water was commenced 2 weeks after surgery, and the balloon catheter was removed at 1 month postoperatively. Subsequently, minor leakage of digestive juice occurred from the catheter removal site, but this gradually decreased and complete closure was achieved at 8 months after surgery. Food intake commenced 3 months postoperatively. Intravenous hyperalimentation ceased at 9 months postoperatively and the patient was discharged from hospital. There was no recurrence of the fistula and the patient lived at home until death from pneumonia 4 years later (Fig. 2) .
DISCUSSION
To close an ECF, the intestinal wall should be reconstructed with the original intestinal mucosa if reanastomosis is possible. If reanastomosis is impossible, other methods can be used. 1, 2, 4 Some reports note the closure of the small intestine skin fistula using the muscle flaps, including the rectus abdominis muscle. [5] [6] [7] However, in our patient, laparotomy could not be indicated because of the strong adhesion of the residual intestinal tract and the patient's poor general condition and nutritional status. Therefore, intestinal wall reconstruction was performed using a hinged musculocutaneous flap. 4, 8 However, this method has 2 issues that must be overcome. First, the suture line between the border of the fistula and the skin island of the flap is inside the intestinal lumen and exposed to digestive juice. Second, the intraluminal pressure of the digestive tract is elevated by peristaltic movements, placing additional stress on the suture line. We employed 4 methods to achieve successful closure. First, a vertical incision was made in the ab- 
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dominal skin surrounding the fistula, and subcutaneous undermining was not performed to preserve marginal circulation. Then, the skin island flap with a good blood supply was sutured to the inner and margin of the incision, thus preventing the occurrence of ischemia and suture failure at the borders of the fistula. Second, the suture line around the fistula was completely covered by the muscular body of the musculocutaneous flap from backing of the suture line, promoting wound healing. [5] [6] [7] Although minor leakage of digestive juice was observed from the small hole left after removing the balloon catheter from the intestine, complete closure was eventually achieved. Third, the skin island of the flap was designed to be 20% larger than the defect in the intestinal wall. This enlarged the lumen of the reconstructed intestinal tract so that severe stenosis would be unlikely to occur even if there was contracture at the anastomosis after surgery. 9 Fourth, a balloon catheter was inserted into the proximal intestine from the fistula to prevent digestive juice from coming into contact with the suture line. 10 As a result, it was possible to minimize exposure of the skin island flap to digestive juice and to prevent sudden elevation of the intraluminal pressure due to intestinal peristalsis.
CONCLUSIONS
A large, intractable enterocutaneous fistula of the small intestine was treated successfully with a hinged rectus abdominis musculocutaneous flap. This method can be effective in managing a fistula without resection, if resection of the affected bowel and anastomosis is impossible.
